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Statement as to Rights to Inventions Made 
Under Federally-Sponsored Research and Development 
Government support under the National Institutes of Health NIAID grant 
number NO1-A1-05058. The Government has certain rights in the invention. 



Field of the Invention 

The invention relates generally to methods for quantitating virus 
following nucleic acid amplification. The invention also relates to genetically 
tagged retroviral nucleic acid capable of being distinguished from the wild type 
viral nucleic acid. 

Background of the Invention 

Quantitative PCR has been used to measure the relative levels of RNA 
and DNA from a variety of different samples. It is possible, at times, to find 
a direct correlation between the amount of starting target material and the 
amount of PCR product (Mullis and Faloona, Methods Enzymol. 755:335-50 

(1987) ; Ferre, F., PCR Methods Applic. 2:1-9 (1992); Sardelli, A.D., 
Amplifications: A Forum for PCR Users (9):}-5 (1993)). However, this is 
often not the case for clinical samples due to the presence of inhibitors of PCR 
in samples and differing efficiencies in sample recovery and kinetics of PCR 
(Holodniy etal., J. Clin. Micro. 29:676-679 (1991); Beutler etal., 
BioTechniques 9:166 (1990); Franchis etal., Nucl. Acids Res. 76:10355 

(1988) ; Coutlde et al., J. Infect. Dis. 764:817-818 (1991)). The use of PCR 
as a quantitative assay often presents problems. For instance, small variations 
in amplification efficiency can change the yield of the product and make it 
difficult to accurately estimate the amount present in the starting materia! 
(Gilliland et al., Proc. Natl. Acad. Sci. USA 57:2725-2729 (1990)). To avoid 
these problems, several laboratories have described the use of internal 



standards in PCR (Gilliland et ai, Proc. Nail. Acad. Sci. USA 57:2725-2729 
(1990); Wang etal, Proc. Natl. Acad. Sci. USA 86:9717-9721 (1989); 
Becker-Andre et al. % NucL Acids Res. 7 7:9437-9446 (1990); Chelly etai, 
Eur. 7. Biochem. 757:691-698 (1990); Bergenhem et al. % Proc. Natl Acad. 
5 Sci. USA 89:8798-8802 (1992); Aoki-Sei et aL y AIDS Res. Human 
Retro. 8:1263-1270 (1992); Siebert etaL, Nature 559:557-558 (1992)). 
Generally, the internal standard DNA or RNA share the same primers as the 
target DNA or RNA, but will contain either a deletion or an insertion so that 
the products obtained from the standard and target can be distinguished. 
10 A variation in the use of an internal control is the competitive PCR 

procedure (Gilliland et al.,Proc. Natl. Acad. Sci. USA 87:2725-2729 (1990)). 
In this method, varying known amouijts of the internal standards are added to 
equal aliquots of the sample containing the unknown target sequence. The 
internal standard and the target sequence compete equally for primer binding 
15 and amplification in the PCR. Variables such as the efficiency of 
amplification and the number of cycles will have the same effect on both 
templates. Equal amounts of products will be formed when the initial 
concentrations of the templates are equal. Experimentally, the ratio of 
products formed can be determined and the equivalence point can be 
20 calculated. This method has been successfully employed to quantify the 
amount of HIV-1 RNAs in clinical samples (Bagnarelli et al y J. Med. ViroL 
34:89-95 (1991); Menzo etal., J. Clin. Microbiol. 50:1752-1757 (1992)). 
However, this method does not control the variations in RNA recovery from 
sample to sample. Similarly, viral DNA isolation is often incomplete and 
25 control of the amount of DNA would be of great use. 

In the present invention, the inventors have developed a modified 
method in which an infectious tagged virus is used as the source of competitor 
nucleic acid. The tagged virus is a mutant or variant of the virus suspected 
of being in the sample. Different amounts of the tagged virus can be added 
30 to equal aliquots of the sample containing an unknown amount of virus, 
followed by nucleic acid extraction and amplification carried out in a manner 



-3- 



10 



that allows for relatively precise quantitation of the amount of viral nucleic 
acid present in the sample. 

Summary of the Invention 

The inventors have developed an assay to measure the viral nucleic 
acid in any sample using a mutant (tagged) virus as an internal control. The 
mutant virus has a sequence tag in a region of the genome. To utilize this 
virus as an internal control, a dilution or dilutions of this virus are added to 
aliquots of samples to be measured, and nucleic acid is isolated, amplified, and 
quantitated. 

Amplification is performed with primers selected to include the 
sequences capable of amplifying sequence containing the tag in the externally 
added virus. The amplification product from the control virus can be 
differentiated from the virus present in the sample. The amount of viral 
nucleic acid present in the sample is calculated after the amplified products are 
detected. Unlike other quantitative amplication assays, such as conventional 
PCR, this internally controlled virion amplification assay eliminates errors 
introduced by variable recovery during the viral nucleic acid purification step, 
therefore, enhancing the accuracy of the assay. 

Accordingly, a preferred embodiment of the present invention is a 
20 method for quantitating the amount of virus present in a sample, the method 
comprising the steps of: introducing into said sample a composition comprising 
a virus containing a genetically tagged viral nucleic acid; co-isolating said wild 
type and said tagged nucleic acid from the sample; amplifying said wild type 
and said tagged nucleic acid from said sample; and quantitating said wild type 

25 and said tagged nucleic acid. 

The invention further provides a genetically tagged retroviral nucle.c 
acid comprising a tag sequence in a highly conserved region of said retroviral 
nucleic acid, wherein said tag occurs between the retroviral primer-b.nd.ng 
and gag initiation sites. 
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Brief Description of the Figures 

Figure 1 depicts the use of cDNA synthesized from mutant virus 
(VX-46) RNA as competitor in PGR. RNA isolated from the mutant virus 
containing 100 pg of p 24 antigen were used to synthesize cDNA in a 60 ,1 
• reaction. Two microliters of the cDNA were used in the PGR containing 
various amounts of competitor wild type DNA ( P A1) containing HIVNL4 3 
sequences from 501 to 1448. The PGR was carried out and the products were 
hybridized with a "P-probe and autoradiography as described in Materials 
and Methods. The copy numbers of competitor DNA present in the reactions 
-re 10< Cane 1). 5 x 10> (lane 2), io> (lane 3), 5 x 1CT (lane 4) 1CT 
dane 5), io> (lane 6) 10* (lane 7) and 0 (lane 8). The s.zes shown on the right 
were the PGR products in bp from mutant and wild type sequences 
respectively. 

Figure 2 depicts data of an estimation of llle RNA isolaled from ^ 
mutant virus VX-46. The amount of rad.oactivity present in bands 
corresponding to wild type and mutant PGR products were estimated by 
expostng i, to a storage Phosphor screen and quantised usi„ E a Moiecular 
Dynarmcs Phosporlmager (Johnston „„/., Elec,rop„oresis ;/:355-360 
(1990)). The ratio between the amount of radioactivity present in wild type 
(PAD and mutant (VX-46) DNA bands was plotted against the amount of wild 
We DNA used in the PGR. The mutan, viral RNA was isolated from virus 
containing ,00 pg (Panel A), 25 pg (Panel B, and 500 fg (Pane, C) of p24 
anttgen respectively. The data derived from Figure , is shown in Panel A 
The RNA tsolated from virus containing 25 pg (Panel B) an(j 500 fg ^ Q 
of P 24 were used to synthesize cDNA in a 40 reaction and 3 „1 of cDN A 
were used in competitive PGR. Based on the method described by Men*, « 
1. (Menzo e, al. , J. din. Microbiol 30: ,752-1757 (I 992», i, was calcu.ated 
eta 2 ,1 of cDNA in (Panel A) has 9500, 3 „l of cDNA in (Panel B, has 5200 
and 3 „l of cDNA in (Panel C) has ,20 copies respectively. 
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• trvPCR for .he estimation of HW-1 RNA * » 
Figure 3 depicts ICVPCR lor 

human patient's plasma. of patien , s plasma, 

*"* t viL VX-46, containins 0 (lane 1,. 30 

— T S ,°0 f 3Tnr« and 0.03 (lane S) pa of p24 - 
(toe2U( on cDNA syndesis and PCR were carried out as 

added. RNA .solauon, cDN ns {rom mulaM 

describ ed in Materials and Methods. The su o P ^ b ^ 

(148 ) and wild type (123) »» *""» °" 

pl asma from two different human panents ^ ^ 

Pane, C. The radioacuv y J- ^ 

preS ent in mutant an P t en < DN ^ The 

mu tan, vira, RNA added to th «* ^ ^ va , ue 

H900 copies of RNA per r 0 o,i P nt-'> (o °) 

„ ■ , a) has 8,800 cop.es and the patient ~ lo 

Figure 2. Patient- 1 U ^ 

f dwa in 100 ul of plasma. 
has 1600 cop.es of '° lhe rep roducibUhy of ICVPCR 

Figure 4 depicts data demonstraung 

n To i00 ul aliquots of patient s plasma, 

' r ( VX-46) containing 0 (lane 1). 24 0»« * 

,0 dilutions of mutant - ^ q ^ ^ , and 9) pg of 

and 6). 2.4 „ane 3 an^) 0.24 < ^ ^ pcR ^ g£ , 

P 24 antigen were added R ^ ^ ^ fey ^ separate 

a„a.ysis for lanes 1 to 5 and ^ ^ {m 

experiments on different days. The s.ze o 

nor, are shown on the right. 
* ^ W ' W ' yPe Theradioactivitypresentineachbandwasouanuute 
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as used herein, refers f« 

.he number of MS ,0 "V » process for 
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As used herein, the term "template" refers to a nucleic acid molecule 
that a nucleotide polymerase will use for the polymerization. The template 
molecule may be polymerized either partially or fully having either all of its 
nucleotide residues polymerization copied or having any number of its residues 
polymerization copied. In one preferred embodiment the nucleic acid template 
is comprised of ribonucleic acid and that the polymerase be reverse 
transcriptase. In another preferred embodiment the template be DNA and the 
polymerase is a DNA-directed-DNA-polymerase, such as Taq polymerase. 

"Nucleotide," as used herein, is a term of art that refers to a base- 
sugar-phosphate combination. Nucleotides are the monomeric units of nucleic 
acid polymers, i.e., of DNA and RNA. The term includes ribonucleoside 
triphosphates, such as rATP, rCTP, rGTP, or rUTP, and deoxyribonucleotide 
triphosphates, such as dATP, dCTP, dGTP, or dTTP. A "nucleoside" is a 
base-sugar combination, i.e., a nucleotide lacking phosphate. It is recognized 
in the art that there is a certain interchangeability in the usage of the terms 
"nucleoside" and "nucleotide." 

By "PCR" is meant herein the polymerase chain reaction (PCR) 
technique, disclosed by Mullis in the U.S. Pat. Nos. 4,683,195 (Mullis et al.) 
and 4,683,202, incorporated herein by reference. In the PCR technique, 
preferably short oligonucleotide primers are prepared which match opposite 
ends of a desired sequence. The sequence between the primers need not be 
known. A sample of DNA (or RNA) is extracted and denatured (preferably 
by heat). Then, oligonucleotide primers are added in molar excess, along with 
dNTPs and a polymerase (preferably Taq polymerase, which is stable to heat). 
The DNA is replicated, then again denatured. This results in two "long 
products," which begin with the respective primers, and the two original 
strands (per duplex DNA molecule). The reaction mixture is then returned to 
polymerizing conditions (e.g., by lowering the temperature, inactivating a 
denaturing agent, or adding more polymerase), and a second cycle initiated. 
The second cycle provides the two original strands, the two long products 
from cycle 1, two new long products (replicated from the original strands), 



-8- 



10 



and two "short products" replicated from the long products. The short 
products have the sequence of the target sequence (sense or antisense) with a 
primer at each end. On each additional cycle, an additional two long products 
are produced, and a number of short products equal to the number of long and 
short products remaining at the end of the previous cycle. Thus, the number 
of short products grows exponentially with each cycle. This amplification of 
a specific nucleic acid sequence allows the quantitation of extremely small 
quantities of DNA. 

The term "3SR" as used herein refers to a method of target nucleic 
acid amplification also known as the "self-sustained sequence replication- 
system as described in European Patent Publication No. 373,960 (published 
June 20, 1990). 

The term LCR" as used herein refers to a method of target nucleic 
acid amplification also known as the "ligase chain reaction" as described by 
15 Barany, Proc. Natl. Acad. Sci. USA 55:189-193 (1991). 

The terms "tag" or "tagged" as used herein to describe a genetic 
sequence refer generally a nucleic acid sequence that is derived from a wild 
type virus or is synthesized from the sequence of a wild type virus and which 
differs from the sequence of the wild type virus nucleic acid by comprising a 
sequence insertion, deletion, or point mutation, or any combination of these 
mutations, such that the tagged nucleic acid can be differentiated from the wild 
type virus from which it is derived or a wild type virus of the same species. 
A tagged virus is a virus comprising a tagged nucleic acid sequence. The tag 
may in certain instances code for amino acid sequences that create a tagged 
25 protein as compared to a protein in the wild type virus. 

Amplification in the methods of the invention can be performed using 
any of the amplification techniques known in the art, particularly those 
described and defined in the forgoing. 

In preferred embodiments of this invention, the nucleic acid is 
amplified using PCR as described herein. Suitable PCR primers are prepared 
by means known to those of ordinary skill in the art, for example by cloning 



20 



30 
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and restriction of appropriate sequences, or by direct chemical synthesis. For 
example, one may employ the phosphotriester method described by Narang et 
a/., Meth. EnzymoL 68:90 (1979) and U.S. Pat. No. 4,356,270, incorporated 
herein by reference. Alternatively, one may use the phosphodiester method 

5 disclosed in Brown et aL.Meth. EnzymoL 68: 109 (1979), incorporated herein 
by reference. Other methods include the phosphoramidite method disclosed 
in Beaucage et aL, Tetrahedron Letts, 22:1859-1862 (1981), and the solid 
support method in U.S. Pat. No. 4,458,066. The primers may also be 
labeled, if desired, by incorporating means detectable by spectroscopic, 

10 photochemical, biochemical, immunochemical, or chemical means. For 
example, the primer may include 32 P, fluorescent dyes, electron-dense 
reagents, enzymes (as commonly used in ELISAs), biotin, or haptens or { 
proteins for which antisera or monoclonal antibodies are available. The label 
should be selected to withstand denaturing conditions if it is to be attached 

15 directly to the primer. 

When the nucleic acid strand to be amplified has been separated from 
contaminating material, it is ready to be used as a template for the synthesis 
of additional nucleic acid strands. This synthesis can be performed using any 
suitable method. The reaction is generally conducted in a buffered aqueous 

20 solution, preferably at a pH of 2-9, most preferably about 8. Preferably, a 
molar excess (for cloned nucleic acid, usually about 1000:1 primer/template, 
and for genomic or viral nucleic acid, usually about 10 8 : 1 primentemplate) of 
the two oligonucleotide primers is added to the buffer containing the separated 
template strands. It is understood, however, that the amount of 

25 complementary strand may not be known, so the amount of primer relative to 
the amount of complementary strand cannot be determined with certainty. A 
large molar excess is preferred to improve the efficiency of the process. 
These conditions are to be considered general guidelines for carrying out the 
reaction. Skilled artisan will understand how to carry out this reaction using 

30 a variety of buffers and conditions in view of the state of the an. 
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,; The deoxyribonucleoside triphosphates dATP, dCTP, dGTP and dTTP 
are also added to the synthesis mixture in adequate amounts and the resulting 
solution is heated to about 90-100°C for about 1 to 10 minutes, preferably 
from 1 to 4 minutes. After heating, the solution is allowed to cool to room 
temperature, which is preferred for the primer hybridization. To the cooled 
mixture is added a polymerization agent, and the reaction is conducted under 
conditions known in the art. This synthesis reaction may occur at from room 
temperature up to a temperature above which the polymerization agent no 
longer functions efficiently. Thus, for example, if an E. coli DNA polymerase 
is used as the polymerizing agent, the maximum temperature is generally no 
greater than about 40°C. Most conveniently, the reaction using E. coli 
polymerase occurs at room temperature. Where greater stringency is desired, 
the reaction is performed using the thermostable enzyme Taq polymerase at 
elevated temperature. 

The polymerization agent may be any compound or system which will 
function to accomplish the synthesis of primer extension products from 
nucleotide triphosphates, including enzymes. Suitable enzymes for this 
purpose include, for example, E. coli DNA polymerase I, Klenow fragment 
off. coli DNA polymerase I, T4 DNA polymerase, and other available DNA 
polymerases, reverse transcriptase, and other enzymes, including heat-stable 
enzymes such as Taq polymerase, which will facilitate combination of the 
nucleotides in the proper manner to form the primer extension products which 
are complementary to each nucleic acid strand. Generally, the synthesis will 
be initiated at the 3' end of the primer and chain elongation of the newly 
synthesized strand will proceed in the 5' direction, until synthesis terminates, 
producing molecules of different lengths. There may be agents, however, 
which initiate synthesis at the 5' end and proceed in the other direction, using 
the same process as described above: use of such agents in the process of the 
invention is also to be considered within the scope of this invention. 

The newly synthesized nucleic acid-complementary strand and the 
original nucleic acid strand form a double-stranded molecule which is used in 
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lh e needing steps of the process. .» the next step, the strands of -he duple, 
m „,ecu,e are separated using any of the procedures described above to prov.de 

single-stranded molecules. 

New nucleic acid is synthesized on the sing!e-stranded molecules. 
5 Addition, polymerization agent, nucleotides and primers may be added J 
necessary for the reaction to proceed under the conditions preserved above. 
Again, the synthesis will be initiated at one end of the oligonucleotide pnmers 
and will proceed along the single strands of the template to produce add.uona, 
nucleic acid. After this step, half of the extension product will consist of the 
0 specific nucleic acid sequence bounded by the two pnmers. 

The steps of stand separation and extension product synthests can be 

repeated as often as needed to produce the desired quantity of the specfic 
nucleic acid sequence. As will be described in further detail below, the 
amount of the specific nucleic acid sequence produced will accumulate ,n 

15 exponential fashion. . 

If desired, one may amplify the targe, sequence in two stages, us.ng 
nested primers. This variation may be used as a means for increasing the 
specificity of the reaction. The primer binding regions are selected so tha, the 
second set (arresting primers, bind to regions of the nucleic acid sequence 

20 between the primer binding regions for the firs, se, (thus 

second se, binding regions wil, be amplified if present,. The ampliation 

■ ..a *i anv time once a detectable quantity ot 
process may be terminated at any time ouoc 

polynucleotide has accumulated. 

/;. Method: for QwntiUUing Vims 

25 The methods and tagged virus and viral nucleic acid of the invention 

are useful for the quantitation of viral nucleic acid and viral particles. 

Accordingly, a preferred embodiment of the present invenuon is a 
method for quantising the amount of virus present in a sample, the me, od 
comprising the steps of. introducing into said sample a composiuon compnsing 



I 

I. 
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a virus containing a genetically tagged viral n,,^;, 

Sg ,nucleicac 'd; co-isolating said wild 
type and said tagged nucleic acid from the sanol- am i f • • 
anH co;h ♦ j P ' am P ,lf >''ng said wild type 

» tagged nucleic acid from Mjd samp]£; Md quanijiati £ 

«■ sa. t^ed nucleic acid fo , |owjng ^ ^ ^ 

in an embodiment of the merhnH f rtr 
present in . « , u pirating the amount of virus 

present m a sample, the sample is obtained from an i„w m . 

infected by a virus. ^ SUSp6Cted t0 be 

As used herein, the term "individual- * 

Ual refers generally to a sinele 
specimen or member of an organism-group or species Th, t 
10 construed to encompass, but not be llj, " t0 * 

As used herein, the terms "isolarino" .. 

g and Providing" generally refer 
o ~! a compound 10 oe tested or a„ alyze d ,„ a mawr ; urab , e I ^ 
-or a, y s , or prepar , s a „ exrrac , conuinmg a 

20 nucleic acid. ' S °' a "° n of more lha " « 

The methods of ihe invention are eener-,ll„ = , ,., 
Captation of a „ y vim , For ^ DM ^ ^ » "« — 

P^ide an ir ,ter„ al control for „ q ^J^'"' 

degrades or is otherwise ,ost during isolation o ^ " 

» «~ — - -d a.sans ^"^T' * ^ ' 
«^-N M „ ityinlheMpleorj J d ^~«= 

Similarly, for the RNA viruses, the methods of th. ■ 
- « -rol for the quanti.tion of 2 ^ 

-sitivityofRNAtodegradationdueto for example , J * ^ 

3 is well known Th„ ■ ' F ° r £Xam P ,e ' tne Equity of RNases 

wen known. The invention is particularly useful for rh P „ 

* uierui tor the quantitation of viral 
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RN A „ r viral titer. Methods directed to RN A virus quantitation are preferred 

in the invention. ^ any of , he 

Vira, nucleic acids of he „ ^ ^ ^ 

many methods known m the art for isolation. p 
iJted by any of .he many techniques known and used ,n the aru See, 

^Z LL^ - «... ,62 - 156 <1987) - be 

1 for exmple, by phenol extraction and ethanoi precipitate 
isolated. dev aU ernauve 

Moreover, skUied artisans w 1 *-* — ^ 

techniques for synthes.zmg and amplifying cur, 

^'tpreferredthatthe vira, nucleic acd be Isolated prior to 
ampli f,cat,on .solalion can be achteved using an, of the man^ucleic ^ 
pu Lation methods known in the art. However. „ ,s no, essential h .h^ 
• „ h, nurified Nucleic acids of the invention need only be 
nucleic acids be punned. ™ „ imD le 
oro vided in a form that is capable of being amplified. For example 
Imlion may be carried out in »« or may be carried o, in an a cntde 
^"lyL. Skilled artisans wil, undersund how to perform,^ 

PCR in cells suspected of being infected. 
, Taking and preparation of viruses that are useful as interna, controls 

a „ d applica io of these tagged viruses ,n the methods of the „_ h, 
and apphcatio For example, it is preferred in 

broad applicability to a wide range of viruses. V 
th e methods of the invention that viruses are seiecte from the g P 
consisting o, herpesviruses (i.e.. herpes simplex „n» - an ^— 
, 5 w ster virus, cytomegalovirus. Epstein-Barr virus), 

papiUomaviruses and poxviruses, enteroviruses, rotaviruses, Norwalk 
Group of vin.se, —ruses, enteric adenovirus. as,rov,rt,ses. sma o 

1 nicorna-parvovirus-like. mini-reovirus, influenza viruses 
viruses, pico™ P ^ ^ 

paramyxoviruses P ^ <SSPE>. 

30 mumps vrnts). measle v ru ^ ^ ^ ^ 

rubella (German measles), artxmruses ti. 
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Toggaviridae and Bunyaviridae as wHi ^ 3r k„ • 

y inaae, as well as arboviruses that cause fevers rash 

arthralgia, arboviruses that cause encenhalirk k • 

encepnaims, and arboviruses that cause 

hemorrhagic fevers), rhabdoviruses, Marburg viru, e , Fh^io • 

luiuurg viruses, Ebola viruses, vesicular 
stomatitis virus, arenaviruses Junin virus ,„ Arge „ Mach ^ 

» Bolivia, and Ussa fever in West Africa), hepatic viruses (i.e. , hepatitis A 
hepatitis B, hepatitis C. and hepa,i,is deita), reovirU5es a „ d ' 

Skilled artisans will understand that the mp.i,^ f . . 
. J . mat the methods of the invention can 

b. used with both RNA and DNA viruses, and .ha, ,he conditions used in any 
panicular embodiment may depend in parl on lhe „ ature ^ ^ ^ 

■he genome. For examp.e, the nucieic acid from DNA viruses can be isolated 
and directly amplified according „ tne methods „ f ^ ^ 

amplification method known in the an suchasPrp u 

..... J i.sucnasPCR. Moreover, for example. 

" is preferred that RNA viruses are reverse inmorih^ 

„, ,. . se '""scribed prior to amplification 

of e,r genomic nucieic acid. ,„ this way reverse transcribed DNA can serve 

as die template for the synthesis of amplication products using any of the 

amphficauon reactions known in the an, and particularly PGR. However i, 

2 DNA 10 Ski " £d aniSa " S me ' h0dS "»> * ^ '« ™* 

DNA v.ruses. For ins.nce. if the „„ c ,eic acid being amplified for the 

quantitation of virus is mRNA, then the same method can be used for a„ 
w viruses which synthesize mRNA. 



A. 



Re.roriral and RNA Vims QucnHmon Methods 



The following are preferred embodiments of the invention for being 
Seneraily methods of quantising RNA virus nucleic acid and particles 

25 DMA ° n 7 mb0dimem ° f "» the wiid type vira, nucleic acid is 

& KNA, particularly retroviral RNA. 

In another embodiment the vira, RNA of the invention is retroviral 
RNA derived from an animal naturaliy capabie of being infected by a 

retrovirus. y 
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A .„^ -.-.viral nucleic acids useful in the methods 
„ is contemplated that the r^r ^ ^ ^ 

— ~ "T- HI Cis,er„av,rus A; Oncovin B, 
from retrovintses, such as » ^ 

— ^ "^7 — C,„c h as R ous S ,co ra av irU s, 
MMTV-P<G R v,rus),MM^ • ^ kukosis viroses 

Rous-associated v.rus ^ ^ vimses , 

muri „e leutosts vtru G (Gross o ^ ^ 

P, MLV-M. MLV-R (Fne d. Ma - . ^ ^ 

.eukem.a virus, murine endo 6 enous v.ruse . ra 

(hahoon endo.enous virus, s-ump^ 
vlru , pn-te e do e „ ^ ^ ^ ^ ^ ^ 

monkey v.rus, MAC- . o ^ ^ ^ „ 

rep ,i,ia„ v.ruses, such as the v P ^ ^ 

— . m tU;l HI -If sheep and Maedi virus-, and 
virus; Len.tv.rus E, tnclud.ng hur nans. and bovids. 

' « nart.cularly the human T cell leukemia vtruscs 

^ ° f "He: Zs. as 111 as from hepa.Uis v.ruses A. B. 
and human immunodeficiency 

C and delta " ■ . in lne mel hods of the invention that the retroviral 

It is most preferred in the meu u 
3 R N A is derived from a virus selected from .he B rou P cons,s„n 6 of . 
HTLV-2, H1V-1 and HIV-2. ^ ^ ^ ^ from; 

Funto v,rus nud ^ immunoo ef,ciency viruses. 

Caulimoviruses, av,n myo ^ ^ ^ 

30 • rvnracticeandhumanclinicalpract.ee. 

the invention in veterinary practice 
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The methods of the invention preferahiv ho 
**. panicle as an mterna, comro , ' ^ ^ * ^ ^ "« ■ 

Preferred methods are provided 10 measure the HIV 1 PM a • 
from a patien, using an infmious mmn , . *** * m '»««" p,e 

' h .« me(h oda mu : r h ::r a,coraro '- F ° r 

poin, mutation iB . conserved regio „ ^ _ » ^,ion or 

" — ed. To „,i,i ze this virus as an in ^ " " ™' *»« 
different di,„,i ons 0 f Ihis virus ZK J™"" C °"' rol ' " "><«™* - 

measure r , '° a ' iguots of a » be 

measured. In these melhods is more 

'» «ood, p.asma or serum. „ is mosI P pre Jj 
Pta». RNA is isoiated from [lle samp e j! 

AmpUflcation is performed „i,h pHmer e I J " " ^ 
DNA product from lhe con[ro| ^ " er„ a „ y added vm , The 

20 A Samples Suspected to Contain Vims 

Samples of the invention include but are no, r ■ , 

* lymphocyte ce„s, especia, ly B e, ^ T e h .n. ^ °' 

^^ t ra CI ep ith en U m. labial ; pi ::::3rr upper 

secretion, especia„ y „aso P harv„ 8 e a , secrelions brajn ° . . 

*«. nuid and a ssocia,ed matter wan tissu n 

■ a " " ssue ' nuld ="0 associated matter. 
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tos , u rine, p.euraland pericardia, fluid, -«* gland tissue, negri 
bod y fluid, cells and associated matter, and hepatic cells. 

Samples of the invention can be denved from many sources. U s 
, j :„ , h . methods is obtained from a mammal, 
.referred that the sam,e use a . ^ fey a 

particularly a mammal that is capau 

T„ more preferred that the sample is obtained from a mamma, 
,Jfl t he;o U pconsis,in g o,murids,,eporids,e q uias,cerv,d,sn,ds, 

a, hovids felias canids, mustelids, pongids and humans. 
° ' Cld in the methods that the amotion of said o— g 

arises the step of performing polymerase chain reaction. 
sl ep compnses step P ( y ^ 

Th e q uant,ta„ng , of* m ^ ^ 

2 T " a . L - to modify the reacon mi.ure and 
raa ,on step. SK,„d art ^ ^ ^ 

reag e„,s to ach.eve usefu, re r, ^ 

in .he art. S.lled arttsans w,l, a*, o ^ ^ 

reaction mixes known m the art. ^, 

,83,949 in which a reaction mixture is disclosed ,nF,gnrel,n that 



20 

plasma. 



25 



30 



Accordingly, a sample can be collected from i„d,v,duals suspected of 
1 „, , u is most preferred that the sample comprises plasma 

bCinS T Kd by X L„ and stored until use. A l,uots of serial 
that C an be separa b ™ ^ ^ ^ ^ ^ 

dilutions of a «^d ™u < j( ^ thal lhe 

of th e .echoes *nown and employed in the art for obtaimng nssues 
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and flutds, including, bu, no. being limiled 10 . punch bjopn ^ 
msue aspiration, lavage, scraping and phlebotomization. „ i s contemplated 
by .he invention tha, the tissue can be used directly for the extraction of 
protein or nucleic acid, or can be maintained in culture prior to such 
■ extractions. Cultured cells of the invention m a y comprise primary cells or 
immortalized cell lines. See. for example, Ja , P.s. and Sharp PA J V.ro, 
»:746 (1986). 

h may be advantageous ,„ prepare cell lysates in the quantising step 
m .he methods of ,he inven.ion. Cell lysates ,„ tne present inven.ion can be 
s.mp,y prepared using, for example, chemical cy,o,ysis, biological cytolysts 
and physical cytolysis, including maceration, trituration, alkal.ne lysis 
detergent lysis, osmotic lysis, freeze-thaw lysis. a „ d sonication 

If the sample in the methods comprises cells. ,„ e cells can be isolated 
■n any of the many ways known in lnc m for isolali „ g ce „ s ^ 

wtll recognize tha, cells may be obtained from an individual and used directly 
or maintained in culture prior to being used in the methods of the inven.ion 
Cells tha. are mainlined in cul.ure prior ,o being used in ,„e me.hods may be 
manned, for example, in suandard .issue cu.ture medium, such as MEM 
rr.ed.um containing 10s felal ca]f ^ ^ ^ ^ 

methods known in tne an tha, are useful for stimulating the cells prior to use 
m the methods of the invention. 

Cell numbers of isolated cells may be determined by methods known 
'«*« an. such as. for example, enumeration by culture counter or using a 
mtcroscope and reticle (hemocytometer). See, for example, Butler W B 

Analytical Biochem. 141:10-73 (1984). 
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C Nucleic Acid Detection And Quantitation Methods 

L Amplification 

Any method of nucleic acid amplification can be used in the 
amplification step in the methods of the invention. Preferred amplification 
5 reactions used in the methods of the invention include, for example, PCR 
(U.S. Pat. Nos. 4,683,195 and 4,683,202, 3SR (European Patent Application 
No. 373,960), LCR (Barany, Proc. Natl. Acad. Sci. USA 88: 189-193 (1991), 
RCR and 3SR (see, for example, European Patent Publication No. 373,960), 
including specific kinds of 3SR, such as, NASBA, TMA and SDA. 
\ io It is preferred that the amplification step of the methods further 

comprises the step of performing a nucleic acid amplification chain reaction. 

As used herein the term "nucleic acid amplification chain reaction" 
refers generally to any in vitro process for increasing the number of copies of 
a nucleotide sequence or sequences via a chain reaction, including, for 
15 example, PCR (see, for example, U.S. Pat. Nos. 4,683,195 and 4,683,202), 
LCR (Barany, Proc. Natl Acad. Sci. USA 88:189-193 (1991), and RCR. 

As discussed in the forgoing, the nature of the viral nucleic acid being 
obtained may dictate the preferred method by which it is obtained. In other 
words, amplification of DNA and RNA may require different techniques to be 
20 applied. 

Reverse transcription can be used in the methods for the amplification 
of RNA virus genomic RNA or mRNA from any virus. 

Amplification reactions can be used to quantitate the level of wild type 
virus or viral nucleic acid, quantitate the level of tagged virus or viral nucleic 
25 added to a sample, and to quantitate the level of tagged virus or viral nucleic 
added to a sample. 

Amplification products can be analyzed and quantitated using 
techniques known in the art, such as gel electrophoresis analysis. In a 
preferred embodiment, PCR amplification product analysis is carried out as 
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follows. A volume of PCR product is hybridized with a labelled 
oligonucleotide probe capable of hybridizing to the PCR product. The 
products are separated, preferably on a polyacrylamide gel and the probed 
products are detected, preferably by autoradiography (see, for example, 
5 Psallidopoulos et al., 7. Virol. 63: 4626-4631 (1989)). The amount of label 
present in each separated product is quantitated using techniques known in the 
art, preferably by using optical or radiometric scanning (see, for example, 
Johnston et al., Electrophoresis 77:355-360 (1990)). The amount of label 
present in each product sample is estimated and the ratio between the amount 

10 of label present in tagged and the wild type DNA bands is plotted against the 
input mutant viral RNA. Using this technique, the amount of viral RNA 
present in the samples is determined in the number of copies of RN As per unit 
volume of sample obtained from the individual infected with virus. 

It is preferred that a competitor internal control plasmid DNA is used 

15 in the reaction to estimate the amount of cDNA from the tagged virus 
following amplification. For example, to establish and standardize the assay, 
cDNA from tagged virus is PCR amplified in the presence of different amount 
of another control DNA. The different control DNA is selected so that the 
predicted DNA PCR products can be differentiated, preferably by size. 

20 It is preferred that the quantitating step of the methods of the invention 

further comprises the step of co-isolating both of said wild type RNA and said 
tagged RNA. It is more preferred that the genetically tagged viral RNA 
comprises sequence derived from a retrovirus, particularly a retrovirus 
naturally capable of infecting an animal. It is most preferred that the 

25 retrovirus is a human retrovirus, particularly a retrovirus selected from the 
group consisting of HTLV-I, HTLV-II, HIV-1 and HIV-2. 

Based on the approximate mass of the viral particle, which is known 
in the art or can be determined using methods known in the art (Bourinbaiar, 
A.S., Nature 349:111 (1991); Bourinbaiar, A.S., Weight of HIV AIDS Res. 

30 Human Retrov. 5:1545 (1992)), such as quantitative centrifugation, the 
quantity of virus and viral nucleic acid in any sample or preparation can be 
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determined. isans ^ detectio n and 

quantitation of polymers y raled imo , he polym e r, a uo n 

P™*"* °" e Sk " led m f " 0 labe , , he polymerization products following 
-ateriaU win also be useful .0 label P ^ ^ 

lheir synthesis and any compounds .ha, are 
quantitation of the polymerization produas, 

hybr idiza.ion probe, of ^ me[hods furlher 

" ,S ' vb dilio» probe in,o said wild ,ype and »,d 

comprises introducing a hybndizat.oi, p 

„f .hr nolvmcrase chain reaction, 

^:: P ::i:i-ods *. — 

hybr idization probe. ^ ^ ^ quaraialing 

'^^' p of separating the DNApoiymerase chain 

reaction products. It more pic 

^^l^inr^rL amplify,* step of ,he above genet, 
3 A preferred ^ ^ ^ ^ 

contacting ihe RNA w, ^ lhe 

sy „,hesi„n g primer > ^ „ yield ampli f,ed nucleic 

extension products using polymerase 

aCid - •„ h , readily able to make primers useful for 

Ski „ed artisans will be readily ^ ^ 

PCR primers. Certain prune 



25 

acid. 
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Stalled anisans will readily recognize ,echni qU es by which levels of 
n U c,e,c acid ampliHcanon can he de,ec,ed. denned or q ua„,i ai ed s U ch as 
for examp,e, by measuremem of labeled nuclides incorpora.ed in ,he 
-ctac acid polymerized, measuring ,he number of c= rai „ res.dues i„ lhe 
nuc.e,c acid po.ymerized or s P ec t rograp„ica„y muring [he ab „ f 
he nuclac acid po|ym£rized Skj , |e(f m . Ms wffl ^ 

hybridization techniques whereby the amplification™,) ! ■ • 

y cam P"fication and polymerization can be 

de.ec.ed, de.ermined or q ua rail a,ed, such as, for exampie, by chirographic 
separa„on of polymerized produos f„„owed by hybridiza.ion wi,h a labeled 

Hyb d 12allon , A Pracica, Approach) IRL Press, Washing™. DC (,985), 
Ano ,er t ec„„ iq ue ,ha, .ay be employed l0 define ,he L of 
m pl.fica„o„ and polymeria™ „ by lab e, ling lhe pr , mer ^ acid 
e-ecng a sbif, ,„ lhe lerel of ^ ^ u 



20 



25 



30 



s,e P sof IT " S ' 00d ^ Ski " Cd an,a " S «* - 

- , ^r example, dececion and q „a„, ilalion of po|ymers £d 
a m p.,nca„„„ can be enhanced by labeling „ uc ,eo,ide monomers ,ha, win b 
■ncorpora.ed i„,o ,he amphfica.ion produce One s ki „ed in ,he „ will 
~«y recognize ,ha, labeling ma ,e rials wil , als0 te usef „, 
amp ficanon produos following ,heir syndesis. SlciUed misam win k „ 0 w 
wh,ch compounds are useful for ,he de.ecion and q „ a „, ila , ion otampmMion 
= c, SU ch as. for example, hybridan probes. Ube, wil alM 
I I o enhance ,he dcecon and quanliIation of a „ ^ ^ fa 

— -,de bu, are no, limhed ,o, Huorescers, ligands, chromopLs 
ch omogens, lummescers , 

and rad.onuclides. Skilled artisans will be able ,o selec, a „ » 

, . 10 se| eci an appropnaie label 

for any g.ven means of derecion, such means indudi „ s fo , 

nucleo.ide monomers, oligonudeo.ides, anybodies, lecins. s t rep B vidi,biol,' 
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, • .■ ci/Uipfi artisans will De aoie iu 
„ uc ieic acid b,nd,„ 8 . Sta.W - s— 

or nucleic acid quantities can be prepared. 

■ ,„ rtF dition WH.FreemanandCo..SanFranc,sco,CA(1981> 
B, M W,2ndEd lt ,on,W. 

for . g enera, 

ind Widuai. For rf. ^ ^ method 

in an individual. 

2, Hybridization 

, • ,i„ of the invention can also be quantified using 
Nude.c -d o the Using , h£Semelh „ d s tagged nucieic 

mol ecu,es. The nude.c ^ ^ 

and RNase protects assays, for v „ s , 

techniques. see M***« -..*«<■»«*«■ »"^< 1984) ' 
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et al. (In: Nucleic Acid Hybridization, A Practical Approach. IRL Press 
Washington, DC (1985), Melton, et al. , Nucl. Acids Res. 72:7035-7056 (1984)' 
and Sambrook, et al.. Molecular Clonin g ~A Laboratory Manual, (Second 
Ed.t.on), Cold Spring Harbor Labs, Cold Springs Harbor, N. Y. (1989). 

* 3. Antibody Techniques 

Sequence tags present within open reading frames will be transcribed 
'» vral RNAs. which can be translated so that the modified peptide produced 
can be detected and quantised using an antibody. Certam of the tagged 
molecules will have novel epitopes engineered into them so that commercially 
rabble antibodies may be used for detection and quantitation. For example 
.he cod.ng sequence for a heterologous epitope known to be recognized by a 
ceruun antibody can be fused to the coding sequence for a viral protein !„ 
tins way the tagged protein can be detected and quantised. Using a second 
anybody specific for a viral epitope tha, is disturbed by the inserted tag the 
stalled arttsan can determine the level of wild type viral protein. Another 
example of an antibody quantitation method relies on the difference in 
molecular weigh, between the tagged protein and the wild type protein 
Western b.otting and immunopreciptaion are convenient for quantising these 
■wo protetns and measuring their kvels. These translation/antibody detection 
techmques will allow the skilled artisan to determine the level of ,„ rfro 
synthesized wild type and tagged protein. 

In mro translation may be carried out usmg any of ,hc methods known 
in the an, such as reticulocyte lysate translation. 

The term -antibody, as used herein, refers to both monoclonal 
amtbod.es which are a substantially homogenous population and to polycional 
anttbodtes which are heterogenous populations. Antibodies may be from any 
•mmunoglobulin class, including IgG. IgM, , g E, lg A , , gD and any subclass 
•hereof. The term "antibody, as used herein, is also mean, to include both 
natural mac, molecules and fragments thereof, such as, for example Fab and 



0!) 



XHD: 



F(ab') : , which are capable of binding antigen or hapten, as well as fusion 
constructs capable of binding antigen or hapten comprising immunoglobulin 
fragments and fragments of other molecules. The term "antibody" is also to 
be construed to include humanized antibodies of various other species as well 
as immunoglobulins or fusions therefrom expressed in a prokaryotic cell. 

Both monoclonal and polyclonal antibodies to wild type and tagged 
protein will be made according to methods well known in the art. See, for 
example, Ausubel et al, Current Protocols in Molecular Biology, published 
by Current Protocols, pp. 11.4.2-11.13.4(1993). Hybridomas may be created 
using the cells of the present invention for the production of monoclonal 
antibodies. See, for example, Kohler et al., Eur. J. Immuno. 6:292 (1976). 
Antibodies may be generated against wild type and tagged proteins. 
Moreover, antibodies to wild type protein can be isolated from cells and 
tissues where they naturally occur. 

It is contemplated by the present invention that substantially purified 
wild type and tagged protein will be useful in immunoassays. One skilled in 
the art can readily use substantially purified protein of the invention as the 
starting point to develop immunoassays using methods known in the art, such 
as, for example, radioimmunoassays, sandwich assays and immunodiffusion 
assays. See, for example, Kohler et al., Mature 256:495 (1975); Kohler 
et al., Eur. J. Immunol. 6:511 (1976); Kohler et al.,Eur. J. Immunol. 6:292 
(1976); Hammerling et al. , In Monoclonal Antibodies and T-Cell Hybridomas, 
pp. 563-681, Elsevier, N (1981); Sambrook etal, Molecular Cloning-A 
Laboratory Manual, (Second Edition). Cold Spring Harbor Labs, Cold Spring 
Harbor, N.Y. (1989), especially Chapter 18 which outlines methods useful 
with substantially purified protein or antibodies raised to substantially purified 
protein. One method commonly known in the art is to make polyclonal or 
monoclonal antibodies to substantially purified proteins. See, for example, 
Harlowe, E. and Lane, D., Antibodies a Laboratory Manual, Cold Spring 
Harbor Laboratories, 1988. 
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4. Restriction Analysis 
In an embodiment of the invention, the tagged nucleic acid can be 
distinguished from the wild type nucleic acid by restriction analysis. General 
approaches to restriction analysis include a method whereby the wild type 
virus contains a restriction site or sites which the tagged virus does not 
contain. Alternatively, the tagged virus can contain a restriction site or sites 
which the wild type virus does not contain. Novel sites can be engineered into 
the tag sequence using methods well known by skilled artisans (see, for 
example, Sambrook a al.. Molecular Cloning - A Laboratory Manual (2d 
ed.), Cold Spring Harbor Labs, Cold Spring Harbor, N.Y. (1989) and 
Rodriguez et al., Recombinant DNA Techniques: An Introduction, The 
Benjamin/Cummings Publishing Co., Ontario (1983)). Following 
amplification, the novel site or sites can be digested with restriction 
endonuclease using techniques known in the art (see, for example, Sambrook 
etaL, Molecular Cloning - A Laboratory Manual (2d ed.), Cold Spring 
Harbor Labs, Cold Spring Harbor, N.Y. (1989) and Rodriguez et al., 
Recombinant DNA Techniques: An Introduction, The Benjamin/Cummings 
Publishing Co., Ontario (1983)). Following digestion, the nucleic acid 
fragments can be separated, such as by, for example, gel electrophoresis, and 
the amounts of amplified nucleic in each band can be quam.tated. It will be 
a simple matter to distinguish between the tagged and wild type viral nucleic 
acid, since the number and/or size of the products from the nucleic acids will 
be different. 

A novel restriction site can be constructed in the tagged virus using 
insertion of a linker containing the site, point mutation to construct a site or 
deletion to join two regions an create a site. Moreover, the skilled artisan can 
select restriction sites to delete. This will also create a tagged virus having a 
different restriction pattern and restriction map to enable the skilled artisan to 
distinguish the tagged nucleic acid from the wild type nucleic acid. 

As used herein the term "novel site" refers to a site which does not 
occur in the wild type viral genome at the position of the engineered site. 



-27- 



However, the restriction site may exist somewhere else in the wild type viral 
genome. 

In a preferred embodiment a infrequently occurring restriction site is 
constructed in the sequence tag. It is more preferred that the infrequently 
5 occurring restriction site is present only once in the tagged nucleic acid and 
is not present in the wild type virus. These constructs will yield a two band 
restriction pattern for the tagged virus and a single, larger band for the wild 
type virus. 

10 ///. Genetically Tagged Viral Nucleic Acids and Viral Particles 

As used herein, the term "substantially pure" or "substantially purified" 
is meant to describe a compound which is substantially free of any compound 
associated with the compound in its natural state. For example, a protein 
which is substantially free from other proteins, nucleic acids, lipids and 

15 carbohydrates is considered to be substantially pure or purified. The term is 
further mean to describe a compound which is homogenous by one or more 
criteria of purity or homogeneity used by those of skill in the art. The terms 
"substantially pure" or "substantially purified" as use herein are not meant to 
exclude artificial, synthetic, or semi-synthetic mixtures or hybrids. 

20 The invention also provides a genetically tagged retroviral nucleic acid 

comprising a tag sequence in a highly conserved region of said retroviral 
nucleic acid, for example, wherein said tag occurs between the retroviral 
primer-binding and gag initiation sites. For example, it is more preferred that 
a tag is constructed in a well conserved region between the primer binding and 

25 gag initiation sites of retroviruses (Myers et aL y Human Retroviruses and 
AIDS: A Compilation and Analysis of Nucleic Acid and Amino Acid 
Sequences, Los Alamos National Laboratory, Los Alamos, New Mexico 
(1992)). It is most preferred that the tag comprises an inserted sequence, 
particularly consisting essentially of the sequence: 

30 AGACATCTAGACGCGTCTAGACGCG. 



N800OD: «WO_JM34aMA1JL> 
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Tagged viral nucleic acids can be constructed using standard 
procedures as described in Sambrook et al (Sambrook et aL, Molecular 
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor laboratory, 
Cold Spring Harbor, New York (1989)). For instance, the tagged region can 
be inserted or deleted from a DNA copy of a DNA or RNA virus and these 
DNA constructs can be substantially purified. These DNA constructs can also 
be transfected into host cell lines so that viral panicles can be produced. 

It is also preferred that the tag comprises fused nucleic acid said fused 
junction being defined by a deletion mutation of a wild type sequence. 

If the tag is an insertion, it is preferred that the tag sequence is of a 
sufficient length that the wild type and mutant viral DNAs can be separated 
and identified after amplification. It is most preferred that an insert tag be 
between about 5 and 50 nucleotides in length. The sequence tag can be any 
number of nucleotides in length as long as the tag will not interfere with virus 
growth. Virus growth can be easily monitored using techniques known in the 
an and taught in the invention. 

It is preferred that the retroviral RNA is derived from a retrovirus 
capable of naturally infecting an animal. 

It is more preferred that the retroviral RNA is derived from human 
retroviral RNA selected from the group consisting of HTLV-I, HTLV-II, 
HIV-1 and HIV-2. 

Viral particles can be prepared following the construction of the tagged 
virus. Viral DNA constructs can be transfected into cells and these cells can 
be culture to obtain viral panicles. These viral particles can be isolated or 
used to infect another cell type so that more virus can be grown up. Skilled 
artisans will know methods for transfection of these viral constructs, such as, 
for example, calcium phosphate precipitation method (Sambrook et al., 
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor 
laboratory, Cold Spring Harbor, New York (1989)). 

Transfected cells can be maintained using methods well known in the 
art for mammalian cell culture, such as maintenance on MEM medium 
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containing .0% fetal calf serum,* in RPMI .640 medium containing 10% 
fetal caif serum (Harada c, al, ScU.ce 22P.563-566 (1*5,) 

For the transfection of HIV DNA constructs it ,s preferred that -93 
celis or other suitable ceil types are used, followed by reinfection of MT-2 
ce „s It is preferred that after transfection. the culture nuid is isolated and 
us ed to infect cells capable of being infected with virus. Upon establishment 
of the infected cells, U is preferred that cell-free virus was harvested, 
allotted and stored for use in the methods of the invention. ., , also 
referred that each aliquot is. used only once in any one assay. The amount 
of virus in the culture supernatant can be estimated by any of the many 
rechniques known in the art for quantising virus t,,r. For example, H.V-. 
liIe r can be determined by a P 24 antigen EL1SA assay using Coulter Corp 
(Hialeah, FU reagents following the manufacturer's recommended protocol- 
The invention also provides a virion particle compristng the geneucally 
15 tagged viral nucleic acids of the invention. 

IV. Kits for QuaatUaiing Virus 

„ is preferred that the kits of the invention be hand-held and 
constructed of durable materials and comprising transparent compounds and 

20 reaction chambers so that reaction results can be readily determ.ned by 
viewing the kit device. .. is more preferred that the kit device compr.se a 
.action vessel useful to perform a reaction using a sample and reagents and 
reve rse transcriptase capable of polymerizing DNA by reverse transcrtpt.on. 
It is more preferred that the reaction vessel be enclosed so tha, once the 

25 reaction has begun substantially none of the compounds in the reacuon can 

escape from the kit device. 

I, is preferred that the kits comprise a convenient plastic conta.ner 
holding the various components. 1. is more preferred tha, the kits comprtse 
. se.f-con.ined hand-held assay device whereby samples can be mtroduce^ 
les ,ed results can be obtained, and the contaminated ki, device can .hen be 
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safely discarded. Those skilled in the art will recognize proper storage and 
stabilizing buffers for the reagents in the kits. 

One skilled in the art could readily adapt the kits of the present 
invention to methods devised using methods of the present invention as a 
starting point. 

Having now generally described this invention the same will be better 
understood by reference to certain specific examples which are included for 
the purposes of illustration and are not intended to limit it unless otherwise 
specified. 



Examples 
Summary * 

The inventors have developed an assay to measure the HIV-I RNA in 
patients' plasma or sera using an infectious mutant virus as an internal control. 
The mutant virus, VX-46, has a 25 bp insert in a conserved region between 
the primer binding and major splice donor sites. To utilize this virus as an 
internal control, different dilutions of this virus were added to aliquot of 
plasma sample to be measured, RNA was isolated and reverse transcribed to 
cDNA. PCR was performed with primers selected to include the sequences 
on either side of the insert contained in the externally added virus. The DNA 
product from the control virus is 25 bp longer than that from the virus present 
in plasma. The amount of viral RNA present in a plasma sample is calculated 
after the PCR amplified products are separated by gel electrophoresis. Unlike 
other quantitative PCR assays, this internally controlled virion PCR (ICVPCR) 
assay eliminates errors introduced by variable recovery during the RNA 
purification step, therefore, enhancing the accuracy of the assay. 
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Materials and Methods 
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Cells. 293 cells were obtained from ATCC and maintained in MEM medium 
containing 10% fetal calf serum. MT-2 ceils were obtained from Dr. D. 
Richman through the NIAID AIDS research program and were maintained in 
RPMI 1640 medium containing 10% fetal calf serum (Harada et al. Science 

229:563-566 (1985)). 

Generation of Mutant HIV-1 Virus. A well conserved region between 
the primer binding and gag initiation sites of HIV-1 was chosen for insertion 
(Myers et al, Human Retroviruses and AIDS: A Compilation and Analysis of 
Nucleic Acid and Amino Acid Sequences, Los Alamos National Laboratory, 
Los Alamos, N. Mex. (1992)). The plasmid pNL4.3, an infectious molecular 
clone of HIV-1 obtained from Dr. M. Martin was used as the starling material 
(Adachi et ai, J. Virol. 59: 284-291 (1986)). A mutant (VX-46) with the 
insert 5' AGACATCTAGACGCGTCTAGACGCG 3' at nucleotide position 
15 715 of pNL4.3 was generated using standard procedures as described in 
Sambrook et al. (Sambrook et al. , Molecular Cloning: A Laboratory Manual, 
2nd ed.. Cold Spring Harbor laboratory. Cold Spring Harbor, New York 
(1989)). The HIV-1 nucleotide numbering used is according to HIVNL4.3; 
Genbank accession number M19921. The VX-46 DNA was transfected into 
20 293 cells by the calcium phosphate precipitation method (Sambrook et al. , 
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor 
laboratory, Cold Spring Harbor, New York (1989)). Forty eight hours after 
transfection, the culture fluid was taken and used to infect MT-2 cells. The 
mutant virus grew with similar kinetics as that of wild type virus. Cell free 
25 virus was harvested, aliquotted and stored at -70°C. Each aliquot was used 
once in ICVPCR experiments. The amount of virus in the culture supernatant 
was estimated by p24 antigen ELISA assay using Coulter Corp (Hialeah, FL) 
reagents following the manufacturer's recommended protocol. 
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PCR Primers. The ICVPCR primers described in Table 1 were synthesized 
with an Applied Biosystems lnc DNA synthesizer (Foster City, CA). 

RNA Isolation and cDNA Synthesis. After informed consent had been 
obtained, whole blood samples were collected from HIV-1 seropositive 
5 patients in the presence of acid-citratedextrose as an anticoagulant. The 
plasma was separated by centrifugation and stored at -70°C until use. 
Aliquots (100 /xl) of serial dilutions of the mutant virus, VX-46, were added 
to 100 fi\ of patient's plasma and RNA was extracted with 4.0 M guanidinium 
thiocyanate and phenol in the presence of 180 mM sodium acetate as described 

10 earlier (Chomczynski and Sacchi, Anal. Biochem. 762:156-159 (1987)). The 
RNA was precipitated by addition of an equal volume of isopropanol 
and 10 fig of carrier tRNA (Sigma Chemical Co). 

RNA was recovered by centrifugation, washed with cold 70% ethanol and 
dissolved in 8.0 /it of DNAse buffer containing 50 mM Tris, pH 8.0, 5 mM 

15 MgCl 2 and 10 units of RNAse free DNAse (Boehringcr Mannheim 
Biochemicals) and incubated at 25 °C for 30 min. The DNAse was inactivated 
at 80°C for 10 min and the RNA was used for cDNA synthesis using a cDNA 
cycle kit obtained from Invitrogen Corporation (San Diego, CA). Briefly, 2/J 
of 100 mM methyl mercuric hydroxide was added to 8 /xl of RNA and after 5 

20 min incubation at room temperature, 2.5 VI of 0.7 M /3-mercaptoethanol was 
added and the reaction was kept on ice. To this was added 4.0 /xl of 5X RT 
buffer (0.5 M Tris, pH 8.3, 0.2 M KC1 and 50 mM MgCU), 1 .0 /xl of RNAse 
inhibitor, 1.0 /xl of 25 mM of dNTPs, 1.0 /xl of primer 1CVPCR-9 (40 
pmoles) and 0.5 /xl of AMV reverse transcriptase (5 units) and it was 

25 incubated at 42 °C for one hour. Then the reaction was heated to 95 °C for 3 
min and cooled on ice for 2 min and 5 more units of reverse transcriptase 
were added and the incubation was continued for another hour at 42°C. 
Finally, the reaction was heated to 95 °C for 3 min and the cDNA was either 
used in the PCR or stored at -20°C. 
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f nNA were used in a reaction containing 10 mM 
PCR . Rve microliters of cDN A were q ^ % ^ „ , mM 

T ris-HCI. PH 8.3. 50 mM KC ■ U . ^ ^ ^ , , ^ 

dNTPs, 25 p— ^ t fina , volume of so „. 

of Taq DNA polymer* * " Li^rCu.sU-^^-* 
The samples were ampUficd ,n a Per. ^ ^ ^ fo ,„ 

th e f o,,ow,n g PCRcvc 1 epro^ necy^ ^ ^ ^ ^ ^ ^ 

sec and 72°C for 30 sec; 30 cycles. ^ 

nucleotide sequences from 501 to 1448. 
' „ , Fifteen microliters of PCR product were 

— ""I "XZ « o Lleotidc 1CVPCR-18 C** » - 
separated .» a 10% polya y ^ ^ ammmt 

15 **" (PSa ' Ud0 Cn- t each -d was quantised using either the 
of radioactivity present rA^ or Fuii Medical Systems 

20 (1990)). 

Kesufts and Discussion 

• t RNA Present in a VX^6 Virus Preparation 
Estimation of RNA rrestn 

~r VX-46 virus 

, isolated from altquots of VX« 

fining .00 pg 25 pg - 0 P siandar(fo lhe assay , cDNA from 

25 lhe presc „ce of different amount of 

VX-46 virus was PCR ampl ^ ^ m 

ptosmid DNA (PAD contatnmg pNU.3 
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25 



<o H48. As shown in Fi8 , lhe prjmers se|ecKd ^ 

«>• «* =*P~ additiona, minor bands ^ 
Most , itely these are heteroduplexes formed ^ ^ ^ 
5 ^d, Also the mused Mcess prjmer from ^ cdna 

pupate i„,he PCR reac ,, 0 „ Md genera[e a - 

figures 3 and 4). These bands do not in.erf,r, ■ , 
beca „„, h „ ■">( interfere wttl, accurate quantitation 

ecause the quantttatton b y ,, is me[hod is based m 

from urge, and competitive templates and not on ,h, k , 
I .,„, „. T . . V <,nMonIne absolute amounts (Piatak 

specnc bands were determined as described in Materia, and Metho T 
rat.os between the amounts of radioactivity present in m 

DNA h a „H, , n Wll<i We and mutant 

DNA nd were pl0(ted as descrjbed earij£r 

^89-95 (1991)). Based on these data f Rgllr . , u . n , , 
285000 69300 and i*nn • U 'S ur - 2), it was calculated that 

; 69300 and 1600 cop.es of RNA were isolated from virus 

Pg of 17 " T r ° f " HI V " Partide ' a virus « wu. 100 

g of ,24 would be calculated to con.in one miHion H,V panicles 
(Bounnbaiar, A.S.. Nature 349: 1 1 1 (1991)- Bniir - K • 
>j/nc » » Ji MJyyi), Bour.nba.ar. A.S., Weight of HIV 

AIDS Res. Human Retrov. 5:1545 (lQffm nr , ... 

Thus , h p ° m,ll,0n c °P ies of RNA. 

Thus, the copy numbers determined in our n „ • 

our experiment renrespnt 

,~: , 15% of ,he ,heoretoi va,ue - T,,is — 

ZZ the o ' tan " ' he0reliCal yieWS "* — » of cDNA 
However the quant.tat.on by competitive PCR relies nn.h 

•u es on me re ative level* nf 

wld type and mutant templates, rather than ,„e abso ,„„ 

o-ee the determination of the amount of RNA in a mlta ^ 

r un experiment does not affrm rhp 
outcome of the results. CCt the 
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i „r uiV-1 RNA in Plasma 
ICVPCR to Determine the Level ofWV I kh 

u- ^rdized VX-46 virus as the competitor during the RNA 
Using ou, s— « te p , asma was estimale , 

Nation, the amount »« ^ ^ ^ ^ 3 

m results obtained w,» « / and lhe rati0 

, n mu»n, and the wiid type 
bew een the amount of ra ^ ' ^ vifa , RNA . Using 

(patient) DNA bands was plotted again ^ ^ ^ _ 

this technique, the amoun, of - ^ patjera , 

^^^^^^ 

and 16.000 cop.es of * / lcvpcR melhod was assessed. The 

Next the reproducibility of the iqvi 
f viral RNA in a plasma sample was esumated by perform „ 
amount of viral RNA o( RNA by , h is two esttmates 

entire assay on two different days. demonsl ra.in g that 

«re 60000 and 68000 copies per ml of plasma (Hg 
the ICVPCR method is reliably reproducible. 



Conclusions 
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' * f RNA PCR has been successfully used for the estimation 
Competitive RNA PCR ^ ^ ^ , „ 

° f " 'T" S 1 M 9" , Ciem- . ... PCR Methods Appl 2-..9.-19. 
S «"" 259:174947S If be ratio of the amplified products is affected 
(19! B)). in this procedure, the ratio it lacl:s a control 

for lhe RNA P""-- ^ ; h action procedures used (Clement, 
the RNA sample can be 1 ost d c » ^ ^ ^ 

„ , PC* «»* f using RNA traced from ce„s, 

-ofRNAwhengen e^ ^ ^ ^ _ ^ 

the RNA expressed by the gene 35: 137-148 

(1983); Orkin et al. . 
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a control RNA is not available in plasma. By adopting the modified method 
described in this report, the mutant virion RNA can sense the role both as a 
control for the RNA extraction procedure as well as a competitive RNA 
template in the PCR. 





odeoxynbonudeotide Primer Sequences Used in the PCR 


Primer 


Sequence 


Position in 
HIVNL4.3 


SEQ ID NO 


ICVPCR-9 


5' TCCCTGCTTGCCCATACTA 3' 


890-908 
(comple- 
mentary) 


SEQ ID 
NO:l 


ICVPCR-16 


5' ATCTCTCG A CG C A G G A CT 3' 


681-698 


SEQ ID 
NO:2 


ICVPCR-17 


5' GCTCTCG CACCC ATCTCT 3' 


786-803 


SEQ ID 
NO:3 


ICVPCR-18 


5' ACTAGCGGAGGCTAGAAGGA 3' 


765-803 
(comple- 
mentary) 


SEQ ID 
NO:4 



All publications cited herein are fully incorporated by reference into the 
disclosure in their entirety. 

From the forgoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for the purposes of 
illustration, various modifications may be made without deviating from the 
spirit and scope of this invention and the following claims. As examples, the 
steps of the preferred embodiments constitute only one form of carrying out 
the process in which the invention may be embodied. 
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What Is Claimed Is: 

1 A m ^ te ,«»*«<« » "-»« of v,rus presenl '" a 

W a virus containing a geneticaUy tagged vira, nucleic 



4 

(b) gating said wiidtype MdeiCaCW 
from said sample; 

(c) # wild ,pe and said tagged nucleic acid 

8 from said sample; and 

(d) ^ngs* wild type and said * gg ed nucle.c ac.d 

following nucleic acid amplification. 



10 
11 



1 L 

2 is RNA. 



Th e m e lh odofc 1 a im ,w hC re i „sa i dw, 1 d,pevira.,-e i oac i d 



1 3. 

2 retroviral RNA 



of claim 3 wherein said retroviral RNA is derived 
4 . The method of claim v _, HTLV -2. HIV-l 

2 from a virus selected from the group consisting of HTLV 1, 



1 

2 

3 and H1V-2. 



1 5. 

2 mammal. 



Tta method of claim lutein said samp, is obtained from a 



^ of claim 1 wherein said amplification of said 

6 . 



2 quantitating step comprises the step 
chain reaction. 



i 



i 

2 



7. The method of claim 1 wherein said polymerase chain reaction 
of sa.d quantitating step comprises the step of reverse transcription. 



1 8. 

2 

3 
4 



5 

6 
7 
8 
9 



The method of claim 1 wherein said sample is selected of the 
group consisting of: blood, cerebrospinal fluid, saliva, lymphatic fluid, seminal 
fluid, vaginal fluid, serum, plasma, lymphoid or lymphocyte cells, especially 
B cells, T cells, monocytes, polymorphonuclear cells and macrophages 
epithelial cel., especially nasopharyngeal and upper respiratory traci 
epnhehum, labial epithelium, tumor cells, respiratory secretion, especially 
nasopharyngeal secretions, brain tissue, virus vesicle tissue, fluid and 
assorted matter, wart tissue, fluid and associated matter, feces, urine, pleura, 
and pericardia, fluid, milk, sa.ivary gland tissue, negri body fluid, cells and 
10 associated matter, and hepatic cells. 

1 9. The method of claim 1 wherein said sample comprises blood. 

1 10. The method of claim 1 wherein said sample comprises plasma. 

J 11. The method of claim 1 wherein said genetically tagged viral 

i RNA comprises sequence derived from a retrovirus. 



1 12. The method of claim 1 wherein said quantitating step (d) further 

comprises introducing a hybridization probe into said wild type and said 
3 tagged DNA products of the polymerase chain reaction. 

1 13. The method of claim 12 wherein said probe is labelled. 



2 



14. The method of claim 1 wherein said quantitating step (d) further 
compnses the step of separating the DNA polymerase chain reaction products. 
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15 . The method of claim 14 wherein said separating step further 
comprises electrophoresis of said DNA products. 

16 The method of claim 1 wherein said genetically tagged viral 
nuc ,eic acid comprises a tag which is an inserted sequence. 

„ The method of claim 1 wherein said genetically tagged viral 

, - 'A ,omnrises a tag which is a fused nucleic acid the fused juncuon 

nucleic acid comprises a tag wm 

being defined by a deletion muution of a wild type sequence. 

18 . The method of claim 1 wherein said genetically tagged viral 
nucleic acid comprises a tag which is a point mutation. 



19 A genetically ugged retroviral nucleic acid comprising a tag 
sequence in a highly conserved region of said retrovira, nucle.c acid wheretn 

^ . , • u\„A\r>n onH apo initiation 



2 
3 

4 sites. 



1 B g occurs being between the retroviral primer-binding and gag ,n,t,at,on 



1 

2 



20. The genetically tagged retroviral nucleic acid of claim 19 
wherein, said tag comprises an inserted sequence. 



, 21 The genetically tagged retroviral nucleic acid of claim 19 

• - A ^mnrtas fused nucleic acid the fused junction being defined 
2 wherein said tag comprises rusea uuw 



1 



by a deletion mutation of a wild type sequence. 

22. The genetically tagged retroviral nucleic acid of claim 19 
2 wherein said tag comprises a point mutation. 

03 The genetically tagged retroviral nucleic acid of claim 20 

2 wherein" said tag is a sequence insert is between 5 and 50 nucleotides ,n 

3 length. 
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1 24. The genetically tagged retroviral nucleic acid of claim 20 

2 wherein said tag consists essentially of the sequence: 

3 AGACATCTAGACGCGTCTAGACGCG. 

1 25. The retroviral RNA of claim 19 derived from a retrovirus 

2 capable of naturally infecting an animal. 

1 26. The retroviral RNA of claim 25 derived from human retroviral 

2 RNA selected from the group consisting of HTLV-I, HTLV-II, HIV-1 and 

3 HIV-2. 

1 27. A virion particle comprising the genetically tagged viral nucleic 

2 acid of claims 19. 
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